WO 2005/004847 



PCT/GB2004/002882 



50 r 



45- 



40-- 



i 



35 



r 30 -f 

2 



25-- 



% 

a. 



20-- 



15 



10 



1 1 










l 

♦ d(0.1)//m 
Hd(0.5)//m 
& d(0.9) pm 


i i 






k 




4 ! 

1 I 




~\ 








1 1 
l l 
I 1 










l 
I 
1 










I 

35 




i 


i 


k ; 


i 
i 


i fe 


f 






i 

i < 

t 








* 


1 

l 
I 




Jr 






i 
i 
i 








i 



10 



15 



20 



25 



30 



Temperature (°Q 

Figure 1: average particle diameters (volume distribution) of precipitated budesonide 
5 against temperature, with no sonication. 
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Figure 2: minimal volume of water required to initiate precipitation of budesonide 
against temperature, with no somcation. 
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Figure 3: yield of budesonide precipitated against temperature, with no sonication. 
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Figure 4: SEM pictures of budesonide precipitated without sonication (a) at 25 *C, (b) at 

25 15°C,(c)10 o C,(d)5°C. 



30 



3/14 



WO 2005/004847 



PCT/GB2004/002882 



40 • 
35- 

a 25 

I 20 
■§ 15 
S. 10 
5 
0 









A 


1 

& 


♦ d(0.1)pm 
Sd(0.5)pm 
&d(0.9)j/m 


1 t 1 1 1 

h .* i- — l :— 


i i i i i 










1 
1 


1 

1 




! I ! f • 








1 
1 


1 

1 




1 


1 




1 

♦ 






1 > t » 1 
1 1 1 1 1 

i i i l 1 


i 

5 


10 


15 


20 


25 





30 



TerTperature(°Q 

Figure 5: diameters of budesonide particle fully precipitated against temperature, 
without sonication. 



Figure 6: SEM pictures of budesonide fiilly precipitated without sonication at 15 °C. 



4/14 



WO 2005/004847 



PCT/GB2004/002882 



MP1 




\ 

Figure 7: XRPD of budesonide fuUy precipitated at 15°C without sonicafion. 




8(a) 8(b> 
Figure 8: formoterol particles precipitated without sonication at 10 °C. 



5/14 



WO 2005/004847 



PCT/GB2004/002882 



20.0- 

18.0 

16.0 

£ 14.0 

I 12.0 

i 10.0 
*o 

® 8.0 
o 

3 6.o 

4.0 
Z0 
0.0 



Volurre of precipitant (nri) 





1 l l 
1 1 » 


i 
t 


i 




i 


♦ d(0.1)//m 




- T — ~t— r 


i 


i 

L 


i 


i 


ad(0.5)/im 




| ^ • | 


t 
i 


1 
1 




i 
i 


&d(0.9)j/m 
. i n 




1 » > 
1 1 . • 


i 
i 


1 
1 




i 
t 


i 
i 




1 ' & 




k 




i 


i 

i 




* ! : 


i 






i 


i 


1 gg 5 » l l 1 1 1 1 




i & 
i t i 


i 


4 


i i 


i 






i i i 
i i i 


i 


-4— 

l 


— r r 


i 

a 

f 

i 


i 

a 

t 

i 


1 


5 10 15 


20 


25 


30 35 


40 45 



50 



Figure 9: sonocrystallised budesonide particle diameters against volume of precipitant, 
atl5°C. 
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Figure 10: yield of budesonide sonocrystallised against volume of precipitant, at 15 °C.< 
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Figure 11: budesonide folly precipitated using 40 ml of water with sonication, at 15 °C. 
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Figure 12: XRPD of fully precipitated budesonide using water with sonication, at 15 
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Figure 13: sonocrystallised formoterol particle diameters against the volume of 
precipitant (acetonitiile) at 15 °C. 
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Figure 14: yield of formoterol sonocrystallised against volume of precipitant, at 15 °C. 
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Figure 15: influence of precipitation time on sonocrystallised budesonide particle 
diameters. 
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Figure 16: diameter of sonocrystallised budesonide particle against the amplitude of 
ultrasonic energy. 
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figure 17: diameters of sonocrystallised budesonide particle against the cycle of 
ultrasonic energy at 20 % (42 \xm) amplitude. 
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Figure 18: influence of the addition of water on the diameter of sonocrystallised 
formoterol particles precipitated with diethyl ether. 
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Figure 19: influence of the addition of water on the yield of sonocrystallised formoterol 
particles precipitated with diethyl ether. 



35.0 
30.0 
§25.0- 

CD 

| 20.0 * - 

CO 

^ 15.0 
J3 

^ 10.0 
5.0 
0.0 







♦ d(0.1)/im 
&d(0.5)//m 
& d(0.9) pm 




















\ m 


i ♦ t 

, _ — t — 


! ♦ 



10 20 30 

Water content of FFDIn rrethanol solution (%) 



40 



Figure 20: sonocrystallised formoterol particle diameters precipitated with acetonitrile, 
against the water content of the drug solution 



11/14 



WO 2005/004847 



PCT/GB2004/002882 



100.00 i 
90.00 ' 
80.00- 
70.00- 
60.00 • 
SO.OO- 
40.00 ■ 
30.00 
20.00 • 
10.00 J 
0.00 -I 



20 

Waier contort of FFD Inmatharol solution (% 



30 



40 



figure 21: yield of sonocrystallised formoterol particle diameters precipitated using 
acetonitrile, against the water content of the drug solution. 



Figure 22: SEM of formoterol particles precipitated with acetonitrile and sonication, 
with 20 %w/w water at 5 °C. 



12/14 



WO 2005/004847 



PCT/GB2004/002882 



5 



10 




Figure 23: SEM of formoterol particles precipitated with diethyl ether and somcation 
with 30%w/w water at 15°C. 
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Figure 24: XRPD of sonocrystallised formoterol particles precipitated with diethyl ether 
from a 30 %w/w water drug solution at 15 °C. 



13/14 



WO 2005/004847 



PCT/GB2004/002882 



6000 ~ , 




o -h — i — i — | — i — i — i — i — | — i — i — i — i — i — i — i — i — i — i — " — 1 — ■ — » — r — 1 1 1 1 I ' ' — 1 — 1 r 

2 10 20 ao 

2-Theta - Scale 



Figure 25: XRPD of sonocrystallised formoterol particles precipitated with acetonitrile 
5 from a 20 %w/w water drug solution at 15 °C. 
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